




7KH XQFHUWDLQW\ DQDO\VLV LV FDUULHG RXW IRU WKHDHURG\QDPLF ORVV FRHIILFLHQW RI FRROHG WXUELQHEODGHV EDVHG RQ WKH DFFXUDF\ RI PHDVXUHGSDUDPHWHUV )LUVW WKH GHILQLWLRQ IRU WKHDHURG\QDPLFORVVFRHIILFLHQWLVGHUYLHG7KHQWKHFRQILGHQFHLQWHUYDORIHDFK PHDVXUHGSDUDPHWHULVGHWHUPLQHG EDVHG RQ WKH DFFXUDF\ RIFRUUHVSRQGLQJ XWLOL]HG LQVWUXPHQWDWLRQ )LQDOO\E\DSSO\LQJ WKHVHQVLWLYLW\RI WKH ORVVFRHIILFLHQWWR HDFKPHDVXUHG SDUDPHWHU WKH DFFXUDF\ RI WKHDHURG\QDPLF ORVV FRHIILFLHQW LV FDOFXODWHG 7KHUHVXOWV VKRZ WKDW WKH ORVV FRHIILFLHQW LV YHU\VHQVLWLYHWRWKHWRWDOSUHVVXUHPHDVXUHGDWDSODQHGRZQVWUHDP RI WKH FRROHG WXUELQH EODGHV 7KHXQFHUWDLQW\LQWKHDHURG\QDPLFORVVFRHIILFLHQWLVW\SLFDOO\
1RPHQFODWXUH&P 5DWLRRIFRRODQWWRPDLQVWUHDPPDVVIORZ&3 6SHFLILFKHDWDWFRQVWDQWSUHVVXUH(N .LQHWLFHQHUJ\.I &RUUHFWLRQIDFWRU(TXDWLRQP 0DVVIORZUDWH1 1RRIFDOLEUDWLRQSRLQWV(TXDWLRQ3 3UHVVXUH7 7HPSHUDWXUHY 9HORFLW\D <DZDQJOHE 3LWFKDQJOHJ 6SHFLILFKHDWUDWLRV 6WDQGDUGGHYLDWLRQ(TXDWLRQ[ $HURG\QDPLFORVVFRHIILFLHQW6XEVFULSWV
 8SVWUHDPFRQGLWLRQV 'RZQVWUHDPFRQGLWLRQV
 )UHH6WUHDPFRQGLWLRQV
 7UDYHUVLQJSODQHFRQGLWLRQV 0L[HGRXWFRQGLWLRQV$ 3UREHFHQWUDOKROHODEHO)LJXUH%&' 3UREHVLGHKROHVODEHOV)LJXUHDWP $WPRVSKHULFFRQGLWLRQF &RRODQWIORZG\Q '\QDPLFJ 0DLQVWUHDPJDVLV ,VHQWURSLF2 8SVWUHDPRIWKHRULILFHSODWH2 'RZQVWUHDPRIWKHRULILFHSODWHW 7RWDOVWDJQDWLRQ
,1752'8&7,21*HQHUDOO\LQDOOH[SHULPHQWVXQFHUWDLQW\DQDO\VLVLVDFFHSWHGDVDQLPSRUWDQWSDUWLQH[DPLQLQJWKHWHVW UHVXOWV 8QFHUWDLQWLHV RFFXU LQ WKH UHVXOWV RIDQ\ H[SHULPHQWDO LQYHVWLJDWLRQ DQG KHQFH LW LVQHFHVVDU\ WR LGHQWLI\DQGHVWLPDWH WKHPVR WKDWDSURSHUDVVHVVPHQWRIWKH H[SHULPHQWDOUHVXOWVFDQEH FDUULHG RXW 2QH RI WKH EHQHILWV RI WKHXQFHUWDLQW\ DQDO\VLV LV WKDW WKH LQVWUXPHQWDWLRQDQGWHVWSURFHGXUHFDQWKHQEHRSWLPL]HGVRDVWRLPSURYH WKH H[SHULPHQWDO UHVXOWV 7KHDHURG\QDPLF ORVV H[SHULPHQWV IRU D FDVFDGH RIWXUELQH EODGHV RU D VWDWLRQDU\ WXUELQH EODGH URZDUH GHULYHG IURP D QXPEHU RI VHSDUDWHPHDVXUHPHQWVVXFKDVWRWDOSUHVVXUHYHORFLW\DQGIORZ DQJOH PHDVXUHPHQWV (DFK PHDVXUHPHQWDIIHFWV WKH UHVXOWV WR D GLIIHUHQW GHJUHH 7KHVHQVLWLYLW\ RI WKH UHVXOWV WR WKH DFFXUDF\ RI HDFKPHDVXUHPHQWFDQWKHQEHH[DPLQHGDQGWKHPRVWFULWLFDO PHDVXUHPHQW FDQ EH LGHQWLILHG ,Q WKLVVWXG\ WKH PHWKRG DSSOLHG E\0LOOHU  DQG%DLQHV HW DO  LV XVHG WR GHWHUPLQH WKHFRQILGHQFH LQWHUYDO DFFXUDF\ IRU WKHDHURG\QDPLFORVVFRHIILFLHQWRIWKHFRROHGWXUELQHEODGHV
8QFHUWDLQW\$QDO\VLVIRUWKH0HDVXUHPHQWVRI$HURG\QDPLF/RVVRI&RROHG7XUELQH%ODGHV$PLQRVVDGDWL

$(52'<1$0,&/266&2()),&,(177KH DHURG\QDPLF SHUIRUPDQFH RI FRROHG JDVWXUELQHEODGHVLVJHQHUDOO\SUHVHQWHGLQWKHIRUPRIWKHNLQHWLFHQHUJ\ORVVFRHIILFLHQW
7KH NLQHWLF HQHUJ\ ORVV FRHIILFLHQW LV REWDLQHGIURP WKH NLQHWLF HQHUJ\ HIILFLHQF\ ZKLFK LV WKHUDWLRRIWKHNLQHWLFHQHUJ\RIWKHJDVVWUHDPDWWKHVWDWLF SUHVVXUH DW D SODQH GRZQVWUHDP RI WKHFDVFDGH DWZKLFK WKH IORZ LV IXOO\PL[HG RXW WRWKDW ZKLFK ZRXOG EH REWDLQHG DW WKH PL[HGRXWVWDWLF SUHVVXUH LI WKH H[SDQVLRQ IURP WKH LQOHWFRQGLWLRQVKDGEHHQLVHQWURSLF
LVNN((HQHUJ\NLQHWLFLGHDO H[LWWKHDWHQHUJ\NLQHWLF   [ 
7KHIORZXSVWUHDPDQGGRZQVWUHDPRIDFDVFDGHRIFRROHG WXUELQH EODGHV LV LOOXVWUDWHG LQ)LJXUH ,WDOVRVKRZVDORFDWLRQGRZQVWUHDPRIWKHFD VFDGHDWZKLFK WKH IORZ LV DVVXPHG WR EH IXOO\PL[HG RXWPL[HGRXWSODQH
,Q WKH GHILQLWLRQ RI DHURG\QDPLF ORVV FRHIILFLHQWIRUFRROHG WXUELQHEODGHV N( LV WKHDFWXDONLQHWLFHQHUJ\DWWKHPL[HGRXWVWDWLFSUHVVXUHDQGLVJLYHQE\ N YP(  
LVN( LV WKHNLQHWLFHQHUJ\DW WKHPL[HGRXWVWDWLFSUHVVXUH LI WKH H[SDQVLRQ RI WKH IORZ ZDVLVHQWURSLF )RU FRROHG WXUELQH EODGHV LVN( LVJLYHQE\
 LVFF LVJJLVN YPYP(   




























































,Q RUGHU WR FDOFXODWH WKH XQFHUWDLQW\ LQ WKH ORVVFRHIILFLHQW LW LV QHFHVVDU\ WR GHWHUPLQH WKHXQFHUWDLQW\LQDOOWKHPHDVXUHGSDUDPHWHUVDQGWKHVHQVLWLYLW\RIWKHORVVFRHIILFLHQWWRHDFKPHDVXUHGSDUDPHWHU
(TXDWLRQ  VKRZV WKDW WKH DHURG\QDPLF ORVVFRHIILFLHQW LVPDLQO\DIXQFWLRQRIVWDWLFDQG WRWDOSUHVVXUHV RI PDLQVWUHDP IORZ DW WKH PL[HG RXWSODQH WRWDO SUHVVXUH RI WKH IORZ XSVWUHDP RI WKHFRROHG EODGHV FRRODQW WRWDO SUHVVXUH DQGWHPSHUDWXUHV DQG PDVV IORZ UDWHV RI FRRODQW DQGPDLQVWUHDP IORZV 7KH FRRODQW WRWDO SUHVVXUH LVFDOFXODWHG DW WKH HMHFWLRQ ORFDWLRQ DFFRUGLQJ WR.RVW DQG +ROPHV  XVLQJ FRQWLQXLW\ WKHFRRODQW PDVV IORZ DQG WKH VWDWLF SUHVVXUH LQWRZKLFKWKHFRRODQWLVHMHFWHG
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8QFHUWDLQW\$QDO\VLVIRUWKH0HDVXUHPHQWVRI$HURG\QDPLF/RVVRI&RROHG7XUELQH%ODGHV$PLQRVVDGDWL0($685('3$5$0(7(5681&(57$,17<&RQVHUYDWLRQ HTXDWLRQV RI PDVV PRPHQWXP DQGHQHUJ\DUHDSSOLHGWRDFRQWUROYROXPHFRQVLGHUHGEHWZHHQ WKH WUDYHUVLQJ SODQH KDOI D FKRUGGRZQVWUHDP RI WKH FRROHG EODGHV DQG WKHPL[HG RXW SODQH VHH )LJXUH  7RWDO SUHVVXUH  
W3 YHORFLW\  
Y  SLWFK DQJOH  
E  DQG \DZ DQJOH 
D  RI WKH IORZ DW WKH WUDYHUVLQJ SODQH DUHPHDVXUHG E\ D IRXUKROH SUHVVXUH SUREH DQGXVHGDV WKH LQSXWV WR WKH FRQVHUYDWLRQ HTXDWLRQV6ROYLQJWKHVHHTXDWLRQV\LHOGVVWDWLFSUHVVXUH 3 DQG WRWDOSUHVVXUH  W3 RI WKHIORZDW WKHPL[HGRXWSODQH$PLQRVVDGDWL
7KXVWKHXQRI WKH IORGHWHUPLQHGSUHVVXUH YHWKHIORZDWSUHVVXUHSUR
7KHSUREH LVD IRXUKROH WUXQFDWHGS\UDPLGSUREH)LJXUH7KHSUREHKDVDPPGLDPHWHUYHUWLFDOVWHP)RXUVWDLQOHVVVWHHOK\SRGHUPLFWXEHVRIPPRXWHUGLDPHWHUSURWUXGHIURPWKHEDVHRI WKLVVWHP DUH EHQW WKURXJK q DQG SURWUXGH  PPKRUL]RQWDOO\2QHRIWKHWXEHVLVLQWKHFHQWHUDQGWKHRWKHUWKUHHWXEHVDUHHTXDOO\VSDFHGDURXQGWKHFHQWUDO WXEH7KHJHRPHWU\RIWKHWLSRIWKHSUREHLVGHVLJQHGWRPLQLPL]HWKHVHQVLWLYLW\RIWKHSUREHWR 5H\QROGV QXPEHU $V DUJXHG E\ 6KHSKHUGWKLVFDQEHDFKLHYHGE\GHVLJQLQJDVKDUSHGJHGSUREHWLSZLWKZHOOGHILQHGVHSDUDWLRQOLQHV$WORZLQFLGHQFHDQJOHVWKHFHQWUDOKROHRQWKHWLSRIWKHSUREHZLOOJLYHDJRRGHVWLPDWHRIWKHWRWDOSUHVVXUH7KHVLGHIDFHVDUHLQFOLQHGDW q WRWKHSUREHQRUPDOZKLFK LVVLPLODUWRWKHSUREHXVHGE\6KHSKHUG
7KHFDOLEUDWLRQRIWKHSUREHZDVSHUIRUPHGLQWKHORZ VSHHG ZLQG WXQQHO RI WKH 0HFKDQLFDO(QJLQHHULQJ 'HSDUWPHQW DW WKH 8QLYHUVLW\ RI4XHHQVODQG 7R VXSSRUW WKH SUREH DQG WR VHW LWVRULHQWDWLRQ WR WKH IORZ GXULQJ FDOLEUDWLRQ LW ZDVSRVLWLRQHG LQ D PDQXDOO\ RSHUDWHG WUDYHUVHPRXQWHG RQ WKH WRS RI WKH WHVW VHFWLRQ7KHUH DUHIRXU GLIIHUHQWLDO SUHVVXUH WUDQVGXFHUV 6(16<06&;/'1 PRXQWHG RQ WKH WRS RI WKH SUREHZKLFKURWDWHZLWKLW7KHVHWUDQVGXFHUVKDYH DIXOOUDQJH RI  N3D 7KH WUDQVGXFHUV ZLWK RQH SRUWRSHQWRWKHDWPRVSKHUHZHUHXVHGWRPHDVXUHWKHVVXUHV)LJXUH )O
)LJXUHSUREHSUHRZDURXQGDFDVFDGHRIFRROHGWXUELQHEODGHV
FHUWDLQWLHVLQVWDWLFDQGWRWDOSUHVVXUHVZ DW WKH PL[HGRXW SODQH FDQ EHE\PHDVXULQJWKHXQFHUWDLQWLHVRIWRWDOORFLW\ SLWFK DQJOH DQG \DZ DQJOH RIWKHWUDYHUVLQJSODQHXVLQJWKHIRXU KROHEH
$FFXUDF\ RI WKH IRXUKROH SUREHPHDVXUHPHQWV LVVWXGLHG LQ WHUPV RI HUURUV LQ WKH HVWLPDWHG PHDQYDOXHVZKLFKLQFOXGH
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ZKHUH wDw3L  wEw3L  ww33WL DQG wwY3L  L $ % & '    DUHWKHVHQVLWLYLWLHVRIWKH\DZDQJOHSLWFKDQJOHWRWDOSUHVVXUH DQG YHORFLW\ PHDVXUHPHQWV WR WKH SUREHSUHVVXUHV UHVSHFWLYHO\ DQG G3$  G3%  G3& DQGG3' DUH WKH SUHFLVLRQ RI WKH WUDQVGXFHUV VHQVLQJWKHSUREHSUHVVXUHV7KHVHQVLWLYLWLHVRI\DZDQJOHSLWFKDQJOHWRWDOSUHVVXUHDQGYHORFLW\WRWKHSUR EHSUHVVXUHV ZHUH FDOFXODWHG IURP WKH FDOLEUDWLRQDSSOLFDWLRQ PDWUL[ 7KLV ZDV GRQH E\ SHUWXUELQJHDFKRIWKHSUREHKROHSUHVVXUHVRQHDWDWLPHDQGGHWHUPLQLQJWKHFKDQJHLQWKHRXWSXWUHVXOWVRIWKHFDOLEUDWLRQ DSSOLFDWLRQ PDWUL[ \DZ DQJOH SLWFKDQJOH WRWDOSUHVVXUHDQGYHORFLW\
7KH SUHFLVLRQ RI HDFK RI WKH IRXU WUDQVGXFHUVVHQVLQJ WKH SUHVVXUHV RI WKH SUREH KROHV   G3L L $ % & '     FDQ EH GHWHUPLQHG DW WKH  SHUFHQWFRQILGHQFH E\ XVLQJ WKH IROORZLQJ H[SUHVVLRQ0LOOHU
G V3 .L I 
ZKHUH .I LV D FRUUHFWLRQ IDFWRU DQG V LV WKHVWDQGDUGGHYLDWLRQRIWKHFDOLEUDWLRQGDWD .I FDQEH GHULYHG IURP QRUPDO GLVWULEXWLRQ IRU WKH SHUFHQW FRQILGHQFH OHYHO DQG LW GHSHQGV RQ WKHQXPEHURIGDWDSRLQWV,QWKHSUHVHQWFDOFXODWLRQDYDOXH RI  LV XVHG IRU .I 0LOOHU 7KHVWDQGDUGGHYLDWLRQ V LVJLYHQE\
  ,1 3 »»¼º««¬ª ¦ ' V 
ZKHUH 1 LV WKHQXPEHURIFDOLEUDWLRQSRLQWVDQG'3, LV WKHGLIIHUHQFHEHWZHHQ WKHSUHVVXUHVIURPWKHFDOLEUDWLRQWHVWVDQGWKRVHIURPWKHFDOLEUDWLRQFXUYH )LJXUH  VKRZV WKH GLVWULEXWLRQ RI '3,YHUVXV WKH FRUUHVSRQGLQJFDOLEUDWLRQSUHVVXUHV IRUWKHWUDQVGXFHUVHQVLQJWKHSUHVVXUHVRIWKHFHQWUDOKROH RI WKH SUREH )LQDOO\ WKH DFFXUDF\FRQILGHQFH LQWHUYDO IRU WRWDO SUHVVXUH YHORFLW\DQG \DZ DQG SLWFK DQJOHV XVLQJ WKH  SHUFHQW
FRQILGHQFHFDQEHFDOFXODWHGE\XVLQJ(TXDWLRQVWR7KHUHVXOWVDUHSUHVHQWHGLQWKHILUVWURZRI7DEOH
 7KH HUURUV GXH WR WKH DSSOLFDWLRQ RI WKH SUREHFDOLEUDWLRQPDWUL[FDQEHHVWLPDWHGE\LQWURGXFLQJWKH FDOLEUDWLRQ GDWD DV H[SHULPHQWDO GDWD LQWR WKHSUREH DSSOLFDWLRQ PDWUL[ 7KHQ WKH GLIIHUHQFHVEHWZHHQ WKH FDOFXODWHG DQG NQRZQ YDOXHV VKRZHUURUV GXH WR WKH ODFN RI ILW RI WKH FDOLEUDWLRQIXQFWLRQ7KHDFFXUDF\ FRQILGHQFH LQWHUYDOGXHWRWKHODFNRIILWLQWKHFDOLEUDWLRQIXQFWLRQDUHSUHVHQWHGLQWKHVHFRQGURZRI7DEOH
7KHHUURUVGXH WR WKH5H\QROGVQXPEHUHIIHFWVPD\ EH LPSRUWDQW HVSHFLDOO\ ZKHQ WKH SUREH LVXVHG LQ VSHHGV JUHDWO\ GLIIHUHQW IURP WKHFDOLEUDWLRQIORZVSHHG7RPLQLPL]HWKHVHHUURUVLWLVUHFRPPHQGHGWRFDOLEUDWHWKHSUREHRYHUDUDQJHRIVSHHGVVSDQQLQJWKHIORZVSHHGVH[SHFWHGLQWKHH[SHULPHQWV $V GLVFXVVHG HDUOLHU WKH 5H\QROGVQXPEHUHIIHFWVGHSHQGRQ WKHJHRPHWU\RI WKH WLSRIWKHSUREH,QWKHSUHVHQWH[SHULPHQWVWKHVKDUS HGJHGSUREHWLSZLWKZHOOGHILQHGVHSDUDWLRQOLQHVHQVXUHV PLQLPDO VHQVLWLYLW\ WR 5H\QROGV QXPEHU+RZHYHU WR PLQLPL]H DQ\ HUURU GXH WR WKH5H\QROGV QXPEHUHIIHFWVWKHSUREHZDVFDOLEUDWHGIRUD W\SLFDO IORZVSHHGZKLFK LVH[SHFWHG LQWKHH[SHULPHQWV
7KHHUURUVGXH WR WKHKLJK WXUEXOHQFH OHYHOV LQWKH IUHHVWUHDP ZHUH QRW LQFOXGHG LQ WKH SUHVHQWH[SHULPHQWV (YHQ WKRXJK KLJK WXUEXOHQFHLQWHQVLW\LVH[SHFWHGEHKLQGWKHWUDLOLQJHGJHRIWKHEODGH WUDYHUVLQJ WKH SUREH KDOI D FKRUGGRZQVWUHDP RI WKH WUDLOLQJ HGJH PLQLPL]HV WKHLQIOXHQFHRIWXUEXOHQFH




























3UHVVXUHPHDVXUHPHQWV r r r r&DOLEUDWLRQILW r r r r$OLJQPHQWRIWKHSUREH r r  7RWDO r r r r
7KH UHVXOWV VKRZQ LQ 7DEOH  LQGLFDWH WKDW WKHXQFHUWDLQW\ LQ \DZ DQJOH LV GRPLQDWHG E\ WKHXQFHUWDLQW\ LQ DOLJQPHQW RI WKH SUREH $QLPSURYHG DFFXUDF\ LQPHDVXUHPHQW RI \DZ DQJOHFRXOGEHREWDLQHGE\LPSURYLQJWKHWHFKQLTXHXVHGIRUDOLJQLQJWKHSUREH7KHXQFHUWDLQW\LQWKHSUREHSDUDPHWHUVGXHWRWKHXQFHUWDLQW\LQWKHDSSOLFDWLRQRI WKHSUREHFDOLEUDWLRQLV LQJHQHUDOKLJKHUWKDQWKDW GXH WR XQFHUWDLQW\ LQ WKH SUHVVXUHPHDVXUHPHQWV7KHWRWDOXQFHUWDLQW\LQ\DZDQJOHSLWFKDQJOHWRWDOSUHVVXUHFRHIILFLHQWDQGYHORFLW\UDWLRV DUH rqrqr DQGr7KHVHYDOXHV FDQEHXVHG LQ WKHXQFHUWDLQW\DQDO\VL V IRUH[SHULPHQWV LQ ZKLFK WKH IRXUKROH SUREH LVXWLOL]HG7KH XQFHUWDLQW\ LQ WKH WRWDO SUHVVXUH XSVWUHDP RIWKHFRROHGEODGHVZDVREWDLQHGIURPWKHDFFXUDF\RI D GLIIHUHQWLDO SUHVVXUH WUDQVGXFHU 6(16<06&;/'1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